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(54) THIN-FILM TRANSISTOR AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To prevent the deterioration of the coverage 
at the end of the semiconductor region of a gate 
insulating film and prevent the drop of reliability and 
deterioration of yield rate and property by having a 
substantially intrinsic region in contact with the 
semiconductor region, in the semiconductor region at 
the section where the gate electrode is not provided. 
CONSTITUTION: Since one part of an island-shaped 
semiconductor region has become an intrinsic 
semiconductor region, the resistance is high, and this 
resistor R is inserted in series into a parasitic TFT, and 
it become such structure that the voltage of a source 
and a drain is not applied directly to the parasitic. TFT 
Moreover, in the case that a region of the same 
conductivity type as a channel formation area is 
provided, the conductivity type is reverse to that of the 
source and drain, so a barrier equivalent to a resistor is 
formed by PN junction. Accordingly, even if excessive 
voltage is applied to the gate electrode, the voltage is 

reduced by the resistor inserted in series to the source and drain of the parasitic resistor, and 
the parasitic TFT is not broken, and the drop of reliability and the deterioration of yield rate and 
property can be solved. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The thin film transistor characterized by the thing which touch around a 
semiconductor region, and for which it has a genuineness field substantially in the 
semiconductor region of a part in which said gate electrode is not prepared in the thin 
film transistor which has an island- shape thin film semiconductor field and the gate 
electrode which crosses said semiconductor region. 

[Claim 2] The production approach of the thin film transistor which are the process 
which forms an island-shape thin film semiconductor field, the process which crosses 
said thin film semiconductor field and forms a gate electrode, and a field including the 
edge of said semiconductor region, carries out the mask of the field where some gate 
electrodes are contained to this field, and is characterized by to have the process which 
introduces an impurity into said thin film semiconductor field, and forms the source and 
a drain field in it. 

[Claim 3] The production approach of the thin film transistor characterized by having 
, the process which exposes this thin film semiconductor field front face after impurity 
installation using this mask, and the process which irradiates laser or a strong light 
equivalent to it after that in claim 2. 

[Claim 4] The thin film transistor to which the conductivity type of the field which 
touches around a semiconductor region is characterized by the channel formation field 
and the substantially same thing in the semiconductor region of a part in which said 
gate electrode is not prepared in the thin film transistor which has an island- shape thin 
film semiconductor field and the gate electrode which crosses said semiconductor 
region. 

DETAILED DESCRIPTION 
[Detailed Description of the Invention] 
1 
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[0001] 

[Industrial Application] This invention relates to the structure and the production 
approach of a thin film transistor (TFT). The thin film transistor produced by this 
invention is formed in all on semi-conductor substrates, such as single crystal silicon, on 
insulating substrates, such as glass. 
[0002] 

[Description of the Prior Art] Conventionally, after the thin film transistor carried out 
patterning of the thin film semiconductor field (barrier layer) to island shape and 
formed it, as gate dielectric film, by the CVD method or the spatter, it formed the 
insulating coat and formed the gate electrode on it. 
[0003] 

[The technical problem which invention will solve and to carry out] The insulating coat 
formed by the CVD method or the spatter had bad step coverage (step coverage nature), 
and it had had the bad influence on dependability, or the yield and a property. A- A' of 
drawing which looked at the conventional typical TFT from the top, and its drawing, 
and the sectional view in alignment with B B' are shown in drawing 3 . TFT is formed 
on a substrate 31, a thin film semiconductor field is located under an impurity range 
(the source, a drain field, and here show the conductivity type of N type) 33, and the 
gate electrode 37, and is substantially divided into the intrinsic channel formation field 
32, this semiconductor region is covered, and gate dielectric film 35 is formed. A contact 
hole can open in an impurity range 33 through the layer insulation object 39, and an 
electrode and wiring 38 are formed in it. 

[0004] As shown in drawing, the covering nature in the edge of the semiconductor region 
of gate dielectric film 35 is remarkably bad, and, only as for the one half of the thickness 
of a flat part, thickness exists typically. Generally, when an island-shape semiconductor 
region is thick, it is excessive. The A-A 1 cross section which met especially the gate 
electrode shows the bad influence which aggravation of such covering nature has on the 
property of TFT, dependability, and the yield. That is, if the field 36 shown with the 
dotted-line circle in the A-A sectional view of drawing 5 is observed, the electric field of 
the gate electrode 37 will be intensively impressed to the edge of a thin film 
semiconductor field. That is, since the thickness of gate dielectric film is the one half of 
a flat part in this part, that field strength is because it doubles. 

[0005] Consequently, the gate dielectric film of this field 36 is long duration, or is easily 
destroyed by high electrical-potential-difference impression. If the signal impressed to a 
gate electrode is forward, since the semi-conductor of this field 36 is also N type, the 
gate electrode 37 and an impurity range 38 (especially drain field) flow, and it becomes 
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the cause of a dependability fall. 

[0006] Moreover, if it happens that the trap of a certain charge is carried out, for 
example, the trap of the negative charge is carried out when gate dielectric film is 
destroyed, are almost concerned, there is nothing on the electrical potential difference 
impressed to a gate electrode, the semi-conductor of a field 36 will present N type, two 
impurity ranges 38 will flow, and a property will be degraded. Moreover, in order to use 
TFT, without causing the above degradation, only the electrical potential difference of 
the one half in the case of being ideal can be impressed, and the engine performance 
cannot fully be used. 

[0007] Moreover, by electrification in a production process etc., such a weak part's 
existing in a part of TFT is that TFT is destroyed easily, and it becomes the big factor of 
a yield fall. Let it be a technical problem for this invention to solve such a problem. 
[0008] 

[The means for solving invention] In this invention, it is characterized by compensating 
by using the semi-conductor of a weak field as the high intrinsic semiconductor of 
resistance, or the same conductivity type as a channel formation field electrically in this 
way. The typical structure of this invention is shown in drawing 1 . As shown in drawing 
1 (A), by this invention, the intrinsic field, or a channel formation field and the field 14 
of the same conductivity type was established in the part made into the impurity range 
(the source, drain) by the conventional TFT [ near the part which the gate electrode 11 
crosses at the edge of an island-shape semiconductor region ]. That is, in TFT of this 
invention, the field 14, of the same conductivity type as a genuineness field or a channel 
formation field exists substantially in an island- shape semiconductor region about the 
part which is not covered with a gate electrode in addition to impurity range (source, 
drain) 13 by which the impurity was doped. 

[0009] Although another example of this invention 'is shown in drawing 1 (B), the 
configuration of an island- shape semiconductor region is only different, and substantial 
structure is the same as drawing 1 (A). In addition, 16 in drawing shows the source and 
the electrode linked to a drain. 

[0010] Thus, the effectiveness of the field of the same conductivity type as , the 
genuineness field 14 or a channel formation field having been prepared is explained by 
drawing 4 . Drawing 4 (A) shows the conventional structure and the conventional equal 
circuit of TFT. Although X in drawing and Y are parts into which a gate electrode 
crosses an island-shape semiconductor region, the gate dielectric film of this part is 
thinner than a flat part as it was described previously. Therefore, as shown in an equal 
circuit, the low parasitism TFT of a threshold or pressure -proofing is formed rather 
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than original TFT. 

[0011] If an excessive electrical potential difference is impressed to a gate, before 
original TFT is destroyed, this parasitism TFT is destroyed, Parasitism TFT serves as a 
mere conductor and the leakage current between the source and a drain or between the 
source and a gate increases. 

[0012] On the other hand, this inventions are structure as shown in drawing 4 (B), and 
an equal circuit. It is the same as that of the conventional case that Parasitism TFT, X, 
and Y is formed also in this invention. However, in this invention, since a part of 
island-shape semiconductor region turned into an intrinsic-semiconductor field, 
resistance is high, and this resistance R is inserted in Parasitism TFT at a serial, and 
serves as the source and the structure where the electrical potential difference of a 
drain is not directly impressed to Parasitism TFT. Moreover, since the conductivity type 
of the source and a drain is reverse when the field of the same conductivity type as a 
channel formation field is prepared, the barrier equivalent to resistance is formed of a 
PN junction. 

[0013] Therefore, when an excessive electrical potential difference is impressed to a gate 
electrode, an electrical potential difference is reduced by the above-mentioned 
resistance inserted in the source of parasitism resistance, and a drain at the serial, and 
Parasitism TFT is not destroyed. Consequently, degradation of the fall of the 
dependability it was unreliable on a problem in the conventional TFT, the yield, and a 
property is solved. 

[0014] The process which carries out this invention is briefly explained using drawing 1 
(C) - (H). First, the island-shape semiconductor region 10 is formed on a substrate. 
Usually, although this semiconductor region is genuineness substantially, you may be 
weak N type or P type. ( Drawing 1 (Q) 

[0015] And after forming gate dielectric film, as shown in drawing 1 (D), the gate 
electrode 11 is formed. Then, an impurity is poured into drawing 1 (E) as shown in 12. 
Consequently, an impurity range 13, an impurity range, and the field 14 across which it 
faced with the gate electrode are formed like drawing 1 (F). When a field 14 is made into 
the field shown by the 2 5:micrometer dimension, it is desirable. The conductivity type 
of this field is the same as the conductivity type of an island-shape semi -conductor, if an 
island-shape semi-conductor is genuineness, this field 14 is also genuineness, arid 
typical resistivity is 106. It is more than omegacm. 

[0016] Signs that the gate electrode of TFT shown by drawing 1 (F) was removed are 
shown in drawing 1 (G). The conductivity type of the channel formation field 15 and the 
field 14 shown by drawing 1 (F) is the same so that clearly from this drawing., The 
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source is formed at the end, an electrode 16 is formed in a drain, and TFT is completed. 
( Drawing 1 (H)) 

[0017] In this invention, for example, in forming only one of TFT(s) of an N channel 
mold or a P channel mold on a substrate, one process of photolithography increases; but 
if this takes into consideration improvement in the property acquired by this invention, 
dependability, and the yield, it will not serve as a failure at all. 

[0018] Furthermore, the effectiveness will become clearer if this invention is applied to 
the complementary circuit (CMOS circuit) where TFT of an N channel mold and a P 
channel mold is intermingled. In a CMOS circuit, the simplest production approach 
introduces the impurity of N type or P type all over a substrate first, subsequently 
masks a required part and introduces the impurity of the reverse conductivity type 
which negates the impurity introduced previously. This approach is temporarily called 
the 1st approach. However, by this 1st approach, although the N type field was the dose 
of lxl015cm-2, the dose of 5xl015cm-2 was required and the P type field might be 
unable to balance the N channel mold TFT and the P channel mold TFT in 
pressure -proofing, a threshold, etc., for example. ' 

[0019] But a positive approach is the approach of masking first and introducing N type 
or a P type impurity, and masking again next and introducing the impurity of the 
reverse conductivity type of a previous impurity. This approach is called the 2nd 
approach. In this case, since the concentration of an N type impurity and a P type 
impurity can completely be set up independently, a property ideal as a CMOS circuit is 
expectable. However, compared with the 1st approach, one photolithography process 
will be added in this case. 

[0020] If it is going to carry out this invention to N type and P type TFT(s) [ both ] in a 
CMOS circuit, an N type impurity and a P type impurity must be masked separately, 
and must be introduced. Therefore, the 2nd approach of the two above-mentioned 
approaches will be adopted. It is as having explained previously that the property that 
the 2nd approach is acquired although a production process becomes complicated is 
excellent. And since the effectiveness of this invention is acquired in addition to the 
effectiveness, the demerit of one photolithography process being added will be negated 
completely. When producing a CMOS circuit, an example is shown especially in the 
following about the case where this invention is carried out. 
[0021] 

[Example] The sectional view of the making process of this example is shown in drawing 
2 . The substrate film 21 of oxidation silicon with a thickness of 2000A was formed by 
sputtering on the substrate (Corning 7059) 20. Furthermore, 500 1500A in thickness 
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and the 1500A amorphous silicon film were deposited by the plasma*CVD method. Then, 
the oxidation silicon film with a thickness of 200A was deposited as a protective coat by 
the sputtering method. And under reducing atmosphere, at 600 degrees C, this was 
annealed for 48 hours and crystallized. The method which uses strong light, such as 
laser, is sufficient as a crystallization process. And patterning of the obtained crystal 
silicone film was carried out, and the island-shape silicon fields 22P and 22N were 
formed. 

[0022] Next, the oxidation silicon film 23 with a thickness of 1000A was deposited as 
gate dielectric film by the sputtering method, and 6000-8000A in thickness and a 6000A 
silicone film (0.01 - 2% of phosphorus is included) were succeedingly deposited with the 
reduced pressure CVD method. In addition, as for the membrane formation process of 
this oxidation silicon and a silicone film, it is desirable to carry out continuously. And 
patterning of the silicone film was carried out and the gate electrodes 24P and 24N were 
formed. ( Drawing 2 (A)) 

[0023] Next, the mask of semiconductor region 22P was carried out by photoresist 25N, 
and the impurity (phosphorus) was poured into 22 Ns of silicon fields by using 24 Ns of 
wiring as a mask by the plasma doping method. If it considers as the ingredient of a 
mask 25, metallic materials, such as chromium, titanium, titanium nitride, and 
aluminum, and a metal nitride ingredient can also be used. The pattern of doping was 
made into the configuration as shown in drawing 1 (E). Acceleration voltage was made 
into 60*90kV, for example, 80k V, using phosphoretted hydrogen (PH3) as doping gas. 
The amount of DOSU was made into lxl015-8xl015cm-2, lxl015cm-2 [ for example, ]. 
Consequently, 26 Ns of impurity ranges of N type were formed. It was removed resist 
mask 25N after doping termination by the ashing (ashing) process in the inside of an 
oxygen ambient atmosphere. Typical ashing conditions were lTorr and RF power 300 W. 
[0024] Moreover, when activated with laser, before removing a resist mask, it is good 
later for a hydrofluoric acid to remove alternatively the oxidation silicon 23 on 22Ns of 
silicon fields. At the time of laser radiation, this is effective, when preventing that 
irregularity arises on a front face when oxidation silicon 23 and 22 Ns of silicon fields 
react. ( Drawing 2 (B)) 

[0025] Furthermore, the mask of the 22 Ns of the semiconductor regions was carried out 
by photoresist 25P, and the impurity (boron) was poured into silicon field 22P by using 
wiring 24P as a mask by the plasma doping method this time. The pattern of doping was 
made into the configuration as shown in drawing 1 (E) also in this case. Acceleration 
voltage was made into 20- 70k V, for example, 65k V, using diboron hexahydride (B-2 H6) 
as doping gas. The amount of DOSU was made into lxl015 8xl015cm-2, lxl015cm-2 
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[ for example, ]. Consequently, impurity range 26P of P type were formed. Resist mask 
25P were removed by the ashing process after doping. ( Drawing 2 (Q) 
[0026] Then, the impurity was activated by annealing at 600 degrees C for 48 hours 
among reducing atmosphere. Laser annealing may perform this process, in that case - 
as laser - a KrF excimer laser (wavelength of 248nm), a XeF excimer laser (wavelength 
of 353nm), a XeCl excimer laser (wavelength of 308nm), an ArF excimer laser 
(wavelength of 193nm), etc. - using - the energy density of laser 200 - 350 mJ/cm22, 
for example, 250 mJ/cm, ** - carrying out 2-10 shots per place for example, two 
shots should just irradiate. At the time of laser radiation, a substrate may be heated at 
about 200-450 degrees C. When a substrate is heated, it must be cautious of the optimal 
laser energy consistency changing. 

[0027] It formed by the plasma- CVD method by having used 3*000- 10000A after 
activation of an impurity, then in thickness, and the 6000A oxidation silicon film 27 as 
the layer insulation object, the contact hole was formed in this, and Wiring 28P and 28N 
was formed by the multilayers of a metallic material, for example, titanium nitride, and 
aluminum. The semiconductor circuit of CMOS was completed according to the above 
process. ( Drawing 2 (D)) 
[0028] 

[Effect of the Invention] By this invention, the yield of TFT was raised, and the 
dependability was raised, and it became possible to pull out the maximum property, and 
** -■ the merit of being able to carry out without facing acquiring big effectiveness like 
and being especially accompanied by big process modification and investment, and ED 
is large. Although this invention explained taking the case of TFT on an insulating 
substrate, it cannot be overemphasized that it can carry out also to TFT formed on a 
single crystal semiconductor substrate. Thus, this invention is useful invention on 
industry. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The configuration of TFT of this invention and the conceptual diagram of 
the production approach are shown. 

fDrawing 21 The making process cross section of TFT of an example is shown. 
[Drawing 31 The example of a configuration of the conventional TFT is shown. 
[Drawing 4l This invention and the electrical property of the conventional TFT are 
explained. 
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[Description of Notations] 

10 ... Island-shape semiconductor region 

11 ... Gate electrode 

12 ... Impurity installation field 

13 ... Impurity range (the source, drain) 

14 ... Field where an impurity was not introduced 

15 ... Channel formation field 

16 ... A source electrode, drain electrode 
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